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© A differential device for a vehicle includes a pair 
of shafts (20, 30) extending into a housing (10), a 
pair of side gears (40, 50) connected respectively to 
the shafts, and at least one pair of element gears 
(60, 70) having respective screw gear portions (61, 
71 ) meshing with respective screw gear portions (41 , 
51) of the side gears. The element gears have 
respective coupling gear portions (62, 72) in mesh 
with each other. The pair of element gears are 
received in an opening (17) formed in the housing. 
Each of the element gears is rotatably supported on 
a journal pin (80) which is removably supported at its 
opposite ends on a pair of opposed receiving sur- 
faces (18a) respectively defining the opposed ends 
of the opening which are spaced from each other in 
a direction of the periphery of the housing. A friction- 
adjusting washer (90) is interposed between the end 
face of the element gear (60, 70) and the receiving 
surface (18a). 
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DIFFERENTIAL DEVICE FOR VEHICLE 



BACKGROUND OF THE INVENTION 



This invention relates to a differential device for 
use in a vehicle. 

In differential devices as disclosed in U. S. 
Patent Nos. 4,191,071, 4,491,036 and 4,512.211, a 
differential function is limited by frictions between 
the component parts, so that a drive torque applied 
to that wheel subjected to a larger surface resis- 
tance can be made greater than a drive torque 
applied to that wheel subjected to a smaller surface 
resistance. Here, the surface resistance means 
U'W where u represents a coefficient of friction 
between the road surface and the tire, and W 
represents a load applied to the tire. 

The above conventional differential device 
comprises a housing to which the torque is trans- 
mitted from an engine, and a pair of shafts con- 
nected to respective wheels and extending into the 
housing. The pair of shafts are axialiy disposed on 
an axis of rotation of the housing, and one ends of 
the two shafts are disposed in spaced, opposed 
relation to each other within the housing. A pair of 
side gears are connected respectively to the one 
ends of the two shafts by splines, and therefore a 
transmission of rotation between each shaft and its 
mating side gear is achieved. A screw gear portion 
is formed on the outer periphery of the side gear. 

Three openings are formed in the housing and 
are spaced at equal intervals in the direction of the 
circumference of the housing. A pair of element 
gears are rotatably supported in each of these 
openings. More specifically, a pair of journal pins 
are removably supported at their opposite ends on 
the opposed end surfaces of each opening spaced 
from each other circumferentially of the housing, 
and the pair of element gears are rotatably moun- 
ted on the journal pins, respectively. The axis of 
rotation of the element gear perpendicularly inter- 
sects the axis of rotation of the housing. Each 
element gear has a screw gear portion and cou- 
pling gear portions. The three element gears dis- 
posed on one side portion of the housing are 
arranged around the mating side gear at equal 
intervals, and the screw gear portions of these 
element gears are in mesh with the screw gear 
portion of this side gear. The screw gear portions 
of the other three element gears disposed on the 
other side portion of the housing are also in mesh 
with the screw gear portion of the other side gear. 
The coupling gear portions of the pair of element 
gears are in mesh with each other. The differential 
gear mechanism is constituted by the above inter- 
meshing between the side gears and the element 



gears and the above intermeshing between the 
element gears. 

In the above conventional differential device 
(particularly, the device shown in Fig. 4 of U. S. 

s Patent No. 4,491,036), a washer is interposed be- 
tween the pair of side gears, and a washer is 
interposed between each side gear and the hous- 
ing, in the designing of the differential device, 
these washers serve to determine the magnitude of 

io the friction between the housing and the side gear 
as well as the magnitude of the friction between the 
two side gears, and therefore serve to determine 
the degree of limiting the differential function of the 
differential device, thereby performing the function 

15 of determining the maximum value of the distribu- 
tion ratio of the above drive torque. 

In the above conventional differential device, 
when the maximum value of the drive torque dis- 
tribution ratio is to be changed or adjusted to the 

20 optimum value after assembling the differential de- 
vice, it is necessary to disassemble the differential 
gear mechanism, to remove the same from the 
housing, to exchange the washers, and then to 
again assemble the differential gear mechanism 

25 and to mount the same on the housing. Even when 
only the washer interposed between one side gear 
and the housing is to be exchanged, it is necessary 
to remove, from the housing, this side gear, the 
three element gears in mesh with this side gear, 

30 and the shaft spline-connected to this side gear. 

Thus, it is very cumbersome to exchange the 
washers in the once-assembled differential device, 
and therefore the change or adjustment of the 
maximum value of the drive torque distribution ratio 

35 has been difficult 

U. S. Patent No. 4,724,721 discloses a differen- 
tial device provided with support plates. The sup- 
port plates are supported at their opposite ends on 
circumferentially spaced, opposed end surfaces of 

40 corresponding openings formed in a housing. Each 
support plate has a pair of support holes. Opposite 
ends of a pair of element gears are rotatably sup- 
ported in the support holes of the corresponding 
pair of support plates. The support plates are in- 

45 serted into the housing together with the assem- 
bled differential gear mechanism along the axis of 
a tubular portion of the housing. When it is desired 
to exchange the support plates, the whole of the 
differential gear mechanism must be removed from 

60 the housing. 
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It is an object of this invention to provide a 
differential device in which the ratio of distribution 
of the drive torque to a pair of shafts can be easily 
changed or adjusted even after assembling the 
differential device. 

According to the present invention, there is 
provided a differential device for use in a vehicle, 
comprising: 

(a) a tubular housing for receiving a drive torque 
from a power source of the vehicle so as to be 
rotated, at least one opening being formed 
through a peripheral wall of the housing, the 
opening having a pair of opposed ends spaced 
from each other in a direction of the periphery of 
the housing, the housing having a pair of op- 
posed flat receiving surfaces respectively defin- 
ing the pair of opposed ends of the opening, a 
pair of support holes being formed in each of 
the pair of opposed receiving surfaces and ex- 
tending perpendicular thereto, the pair of sup- 
port holes being spaced from each other in a 
direction of the axis of the housing, and the pair 
of support holes in one of the pair of receiving 
surface being aligned respectively with the pair 
of support holes In the other receiving surface; 

(b) a pair of shafts operatively connectable re- 
spectively to wheels of the vehicle, the pair of 
shafts extending into the housing and being 
opposed to each other at their one ends within 
the housing, and axes of rotation of the shafts 
being in alignment with the axis of rotation of the 
housing; 

(c) a pair of side gears connected respectively 
to the one ends of the shafts for rotation there- 
with, each of the side gears having a screw gear 
portion at an outer periphery thereof; 

(d) at least one pair of journal pins, opposite 
ends of each of the journal pins being received 
respectively in a corresponding pair of the 
aligned support holes, so that the journal pin is 
removably supported on the housing, each of 
the journal pins being disposed perpendicular to 
the axis of rotation of the housing; 

(e) at least one pair of element gears received in 
the opening, each of the element gears having a 
through holes extending axially therethrough, 
each of the journal pin being inserted through 
the through hole of a respective one of the 
element gears, so that the element gear is sup- 
ported by the journal pin for rotation about the 
journal pin, each of the element gears having a 
screw gear portion and a coupling gear portion, 
the screw gear portions of the element gears 
being in mesh with the screw gear portions of 
the side gears, respectively, and the coupling 
gear portions of the element gears being in 
mesh with each other; and 

(f) at least one washer means for adjusting the 



friction between the element gear and the hous- 
ing, the washer means being interposed at least 
between one end face of one of the element 
gears and the receiving surface of the housing 
5 disposed in opposed relation to the one end 
face of the one element gear, and the washer 
means being mounted around the journal pin 
inserted through the through hole of the one 
element gear. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 



75 Fig. 1 is a cross-sectional view of a differential 
device of the present invention taken along the 
line l-l of Fig. 2; 

Fig. 2 is a cross-sectional view taken along the 
line ll-ll of Fig. 1; and 
20 Fig. 3 is a perspective view, showing the inter- 
meshing between one side gear and element 
gears. 

DESCRIPTION OF THE PREFERRED EMBODI- 
25 MENT OF THE INVENTION 



The invention will now be described with refer- 
ence to the drawings. 

30 Figs. 1 to 3 show a differential device which 

can be used as a rear differential device or a front 
differential device. This device comprises a hous- 
ing 10. As shown in Fig. 1, the housing 10 includes 
a tubular portion 11, a pair of end walls 12 and 13 

35 formed respectively on the opposite ends of the 
tubular portion 11, and a pair of auxiliary tubular 
portions 14 and 15 extending outwardly respec- 
tively from the end walls 12 and 13 in the axial 
direction of the housing 10. The auxiliary tubular 

40 portions 14 and 15 are rotatably supported on a 
vehicle body via bearings (not shown) mounted 
around the auxiliary tubular portions 14 and 15. 
Reference character L in the drawings denotes the 
axis of rotation of the housing 10. 

45 A radially outwardly-directed flange 16 is 
formed on the end wall 12. A crown gear (not 
shown) is fixedly secured to the flange 16, and a 
pinion, connected to an output shaft of a transmis- 
sion or a shaft connected to this output shaft, is in 

so mesh with this crown gear. With this arrangement, 
a drive torque from an engine (power source) is 
transmitted to the housing 10 via a clutch and the 
transmission. 

A pair of shafts 20 and 30 extend respectively 

65 through the auxiliary tubular portions 14 and 15 of 
the housing 10, and are rotatably supported re- 
spectively by bearings (not shown) mounted re- 
spectively within the auxiliary tubular portions 14 
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and 15. The axes of rotation of the shafts 20 and 
30 are in alignment with the axis L of rotation of the 
housing 1 0. The inner end portions of tho shafts 20 
and 30 are disposed within the housing 10, and 
have splines (not shown) formed on the outer pe- 
ripheries thereof. The outer ends of the shafts 20 
and 30 are operatively connected to a left wheel 
and a right wheel, respectively. 

A differential gear mechanism 100 for transmit- 
ting the drive torque of the housing to the shafts 20 
and 30 is mounted within the housing 10. This 
mechanism will now be described in detail. 

A pair of hollow cylindrical side gears 40 and 
50 of substantially the same configuration are 
spline-connected respectively to the inner end por- 
tions of the shafts 20 and 30. With this arrange- 
ment, the transmission of rotation between the 
shaft 20 and the side gear 40 as well as the 
transmission of rotation between the shaft 30 and 
the side gear 50 can be achieved. 

Splines for the above spline-connection are 
formed on the inner periphery of each of the side 
gears 40 and 50 to provide a spline portion (only a 
spline portion 42 of the side gear 40 is shown in 
Figs. 2 and 3). Screw gear portions 41 and 51 are 
formed on the outer peripheries of the side gears 
40 and 50, respectively. The teeth of these screw 
gear portions 41 and 51 are omitted in Figs. 1 and 
2, and only the teeth of the screw gear portion 41 
is shown In Fig. 3. 

A washer 91 is interposed between the end 
wall 12 of the housing 10 and one end of the side 
gear 40, and a washer 92 is interposed between 
the end wall 13 of the housing 10 and one end of 
the side gear 50. A washer 93 is interposed be- 
tween the other ends of the side gears 40 and 50. 
The washer 93 is fitted on and supported by a 
projection (not shown) extending axial ly from the 
other end of one of the two side gears 40 and 50. 

The differential gear mechanism 100 further 
comprises three pairs of element gears 60 and 70. 
These element gears 60 and 70 are supported on 
the housing 10 in the following manner. 

As shown in Rg. 2, three openings 17 are 
formed through the peripheral wall of the housing 
10. and are spaced from one another at equal 
intervals in the circumferential direction of the tubu- 
lar portion 11. Each opening 17 has a rectangular 
shape as viewed from the exterior of the tubular 
portion 11. The housing 10 has three projections 
18 projecting radially inwardly therefrom. Each pro- 
jection 18 is disposed between respective two adja- 
cent ones of the openings 17. As shown in Rg. 2, 
the projection 18 has a generally triangular cross- 
section, and has two flat receiving surfaces 18a. 
The opposed ends of each opening 17 spaced 
from each other circumferentially of the tubular 
portion 1 1 are defined respectively by the opposed 



receiving surfaces 18a of the two adjacent projec- 
tions 18. A pair of support holes 18b are formed in 
each receiving surfaces 18a, and extend perpen- 
dicular thereto, the pair of support holes 18b being 

5 spaced from each other in the direction of the axis 
of the housing 10. The pair of support holes 18b in 
one of the opposed receiving surfaces 18a are 
aligned respectively with the pair of support holes 
18b in the other receiving surface 18a. 

w Each pair of element gears 60 and 70 are 
received in a respective one of the three openings 
17, and the opposite end faces of each of the 
element gears 60 and 70 are opposed respectively 
to the opposed receiving surfaces 18a. The ele- 

75 ment gears 60 and 70 have respective through 
holes 63 and 73 formed axially therethrough, and 
journal pins 80 are passed through the through 
holes 63 and 73, respectively. The opposite ends 
of the journal pin 80 projecting respectively from 

20 the opposite end faces of the element gear 60, 70 
are received respectively in the aligned support 
holes 18b formed respectively in the opposed re- 
ceiving surfaces 18a. With this arrangement, the 
element gears 60 and 70 are rotatably supported 

25 on the housing 10. The axes L1 and L2 of rotation 
of the element gears 60 and 70 perpendicularly 
intersect the axis L of rotation of the housing 10. 

A narrow retainer pin (not shown) is held 
against one end faces of the two journal pins 80 

30 passed respectively through each pair of element 
gears 60 and 70, and another narrow retainer pin 
(not shown) is held against the other end faces of 
these two journal pins 80, these retainer pins ex- 
tending through the housing 11 in a direction per- 

35 pendicular to the support hole 18b. Thus, each 
journal pin 80 is prevented by these retainer pins 
from becoming disengaged from the housing 10. 

Each element gear 60 has a screw gear portion 
61, and a pair of spur gear portions (coupling gear 

40 portions) 62 formed respectively on the opposite 
ends of the screw gear portion 61 and having a 
diameter greater than the diameter of the screw 
gear portion 61. Similarly, each element gear 70 
has a screw gear portion 71, and a pair of spur 

45 gear portions (coupling gear portions) 72 formed 
respectively on the opposite ends of the screw 
gear portion 71 and having a diameter greater than 
the diameter of the screw gear portion 71. The 
teeth of the screw gear portions 61 and 71 and the 

so teeth of the spur gear portions 62 and 72 are 
omitted in Rgs. 1 and 2, and only the teeth of the 
screw gear portion 61 of the element gear 60, as 
well as the teeth of the spur gear portions 62, are 
shown In Rg. 3. 

55 In the supported condition of each element 
gear 60 (70), its screw gear portion 61 (71) is in 
mesh with the screw gear portion 41 (51) of the 
side gear 40 (50). Therefore, the three element 

4 
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gears 60 are arranged at equal intervals around the 
side gear 40 in meshing relation thereto. Similarly, 
the three element gears 70 are arranged at equal 
intervals around the side gear 50 in meshing rela- 
tion thereto. The spur gear portions 62 and 72 of 
each pair of element gears 60 and 70 are in mesh 
with each other. The differential gear mechanism 
100 is constituted by such meshing arrangement 

A washer 90 is interposed between each of the 
opposite flat end faces of each of the element 
gears 60 and 70 and the receiving surface 18a of 
the housing 10 opposed to this flat end face. The 
washer 90 comprises a ring-shaped flat plate, and 
Is fitted on and supported by the mating journal pin 
80. The washer 90 is supported only by its mating 
journal pin 80, and is independent of the other 
journal pins 80. 

The openings 17 in the housing 10 are used 
for accommodating the component parts of the 
differential gear mechanism 100 and for removing 
these component parts from the housing 10. For 
this reason, the opening 17 is greater in size than 
the side gears 40 and 50, and also has such a size 
that the pair of element gears 60 and 70 can be 
inserted into and removed from the housing 10 
simultaneously. 

A general operation of the differential device of 
the above construction will first be described. The 
drive torque is transmitted from the engine to the 
housing 10, and is further transmitted from the 
housing 10 to the shafts 20 and 30 via the differen- 
tial gear mechanism 100. 

When the vehicle is running or advancing 
straight without being subjected to a slip, the dif- 
ferential gear mechanism 100 is in a non-differen- 
tial condition in which the element gears 60 and 70 
are not rotated relative to the housing 10. 

When the vehicle runs along a curved path or 
road, the differential gear mechanism 100 is op- 
erated to rotate the element gears 60 and 70, 
thereby absorbing a difference between the rota- 
tional speeds of the shafts 20 and 30. 

In the above non-differential condition, when 
the drive torques applied respectively to the right 
and left wheels are less than the critical values 
(determined by the surface resistance) causing a 
slip, the drive torques distributed from the housing 
10 respectively to the shafts 20 and 30 are equal to 
each other. 

When the surface resistance at the right wheel 
is different from the surface resistance at the left 
wheel, and when the drive torque transmitted to 
one of the right and left wheels reaches the slip 
critical value, the drive torque distribution ratio is 
varied. Since the mechanism of the variation of the 
drive torque distribution ratio is well known in the 
art, this will now be briefly described. The differen- 
tial function of the differential device is limited by 



the friction between the screw gear portions 61 of 
the element gears 60 and the screw gear portion 
41 of the side gear 40, the friction between the 
screw gear portions 71 of the element gears 70 

5 and the screw gear portion 51 of the side gear 50, 
the friction between the housing 10 and the side 
gears 40 and 50 via the washers 91 and 92, the 
friction between the side gears 40 and 50 via the 
washer 93, and the friction between the housing 10 

io and the element gears 60 and 70 via the washers 
90. As a result, the ratio of distribution of the torque 
to the shafts 20 and 30 is varied. Namely, the drive 
torque applied to the shaft connected to the wheel 
subjected to a greater surface resistance is in- 

/5 creased while keeping the drive torque, applied to 
the shaft connected to the wheel subjected to a 
smaller surface resistance, at the slip critical value. 
Therefore, the drive torque can be effectively trans- 
mitted from the engine to the wheels without caus- 

20 ing a slip. 

Since the drive torque distribution depends on 
the above frictions, the maximum drive torque dis- 
tribution ratio is determined by the frictions occur- 
ring at all the friction-producing portions. 

25 When the maximum value of the above drive 

torque distribution ratio is to be changed or ad- 
justed after assembling the differential device, this 
can be achieved by exchanging the washers 90, 
interposed between the housing 10 and the ele- 

30 ment gears 60 and 70, with new washers. The 
surface condition of the new washer is different 
from the surface condition of the original washer to 
be replaced, and serves to vary the magnitude of 
the friction between the housing 10 and the ele- 

35 ment gear 60 (70) via the new washer. 

The replacement of the washers 90 will now be 
described, taking, as an example, the washers 90 
disposed on the opposite ends of the element gear 
60. One of the retainer pins provided respectively 

40 at the opposite ends of the journal pin 80 is re- 
moved, and the journal pin 80 is moved in its axial 
direction, and is removed from the element gear 60 
and the housing 10. Then, the washer 90 which has 
been interposed between each end face of the 

45 element gear 60 and the mating receiving surface 
18a of the housing 10 is removed and is replaced 
by a new washer. Then, the journal pin 80 is 
inserted into the support holes 18b and the through 
hole 63 of the element gear 60, and is retained by 

so the retainer pins. 

At this time, the washers 90 can be replaced 
by the new washers, with the element gear 60 kept 
received in the housing 10 in meshing engagement 
with the side gear 40. Also, the element gear 60 

55 may be removed from the housing 10 together with 
the washers 90, and then may be received in the 
housing together with the new washers. 

Also, the journal pin 80 may be axially moved 
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in such a manner that on© end of the journal pin 80 
is disengaged from the support hole 18b and is 
retained in the through hole 63 of the element gear 
60, in which case only one washer 90 can be 
replaced by the new washer. 5 

The washers 90 disposed respectively at the 
opposite ends of each element gear 70 are re- 
placed in the same manner as described above for 
the element gear 60. 

As described above, the washers 90. can be io 
easily exchanged merely by moving the journal pin 
80 axially, and at the time of exchange of the 
washers 90, the shafts 20 and 30 and the side 
gears 40 and 50 do not need to be removed from 
the housing 10. Therefore, even after assembling 15 
the differential device, the maximum value of the 
drive torque distribution ratio can be easily varied 
or adjusted. 

The present invention is not restricted by the 
above embodiment, and various modifications can 20 
be made. For example, each spur gear portion of 
the element gear constituting the coupling gear 
portion may be replaced by a helical gear portion. 
The coupling gear portions of the pair of element 
gears may be engaged with each other via respec- 25 
tive idle gears. 

One of the two aligned support holes respec- 
tively supporting the opposite ends of the journal 
pin may not extend through the wall of the housing. 

The washer may be provided between one end 30 
of each element gear and the housing, and the 
washer may not be provided between the other 
end and the housing. Also, the washer(s) may be 
provided between one or both ends of one or some 
of the element gears and the housing, and the 35 
washers may not be provided between the other 
element gears and the housing. Further, more than 
one washer may be provided between the end of 
the element gear and the housing. 

The washer interposed between the element 40 
gear and the housing may be so designed as to 
provide the friction either greater or smaller than 
the friction produced by direct contact between the 
element gear and the housing. 

The present invention is applicable to a center 45 
differential device. 



Claims 

50 

1. A differential device for use in a vehicle, com- 
prising: 

(a) a tubular housing for receiving a drive torque 
from a power source of the vehicle so as to be 
rotated, at least one opening being formed 55 
through a peripheral wall of said housing, said 
opening having a pair of opposed ends spaced 
from each other in a direction of the periphery of 



said housing, said housing having a pair of 
opposed flat receiving surfaces respectively de- 
fining said pair of opposed ends of said open- 
ing, a pair of support holes being formed in 
each of said pair of opposed receiving surfaces 
and extending perpendicular thereto, said pair of 
support holes being spaced from each other in a 
direction of the axis of said housing, and said 
pair of support holes in one of said pair of 
receiving surface being aligned respectively with 
said pair of support holes in the other receiving 
surface; 

(b) a pair of shafts operatively connectable re- 
spectively to wheels of the vehicle, said pair of 
shafts extending into said housing and being 
opposed to each other at their one ends within 
said housing, and axes of rotation of said shafts 
being in alignment with the axis of rotation of 
said housing; 

(c) a pair of side gears connected respectively 
to said one ends of said shafts for rotation 
therewith, each of said side gears having a 
screw gear portion at an outer periphery thereof; 

(d) at least one pair of journal pins, opposite 
ends of each of said journal pins being received 
respectively in a corresponding pair of said 
aligned support holes, so that said journal pin is 
removably supported on said housing, each of 
said journal pins being disposed perpendicular 
to the axis of rotation of said housing; and 

(e) at least one pair of element gears received in 
said opening, each of said element gears having 
a through holes extending axially therethrough, 
each of said journal pin being inserted through 
said through hole of a respective one of said 
element gears, so that said element gear is 
supported by said journal pin for rotation about 
said journal pin, each of said element gears 
having a screw gear portion and a coupling gear 
portion, said screw gear portions of said element 
gears being in mesh with said screw gear por- 
tions of said side gears, respectively, and said 
coupling gear portions of said element gears 
being in mesh with each other; CHARACTER- 
IZED by the provision of: 

at least one washer means (90) for adjusting the 
friction between said element gear (60, 70) and 
said housing (10), said washer means being 
interposed at least between one end face of one 
of said element gears and said receiving surface 
(18a) of said housing disposed in opposed rela- 
tion to said one end face of said one element 
gear, and said washer means being mounted 
around said journal pin (80) inserted through 
said through hole (63, 73) of said one element 
gear. 

2. A differential device according to claim 1, in 
which there are provided a plurality of pairs of said 
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element gears (60. 70), there being provided a 
plurality of said washer means (90) each interposed 
between each end face of a respective one of said 
element gears and said receiving surface (18a) of 
said housing (10) disposed in opposed relation to 5 
said each end face of said element gear. 
3. A differential device according to claim 1, in 
which said washer means (90) is supported only by 
said journal pin (80) around which said washer 
means is mounted, and is independent of the other 10 
journal pin. 
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